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DRAG EFFECT OF THE ACTIVE MEDIUM OF A GAS RING LASER

Dario Pecile and Edmond Batifol

A study was made of the beat frequency F between the
oscillations corresponding to the two directions of travel
in a ring laser cavity, when the gas discharge column con-
stituting the active medium was in motion. The phenomenon,
involving the dispersion of the active medium, should help
to explain the operation of the laser. On the other hand,
the experiment affords a method for shifting the zero of a
laser gyroscope. This procedure does not require the in-
troduction of solid elements into the cavity.

I. Introduction

Recent articles have evidenced the importance of ring lasers used as gyro- /1%

scopes (ref. 1). With this type of laser, very slight differences of optical
lengths can be attained. We concerned ourselves with ring lasers in nonrecipro-
cal electric polarization, i.e., the electric polarization of the active medium
depends upon the direction of its travel in the cavity.

II. Experimental apparatus

The experimental apparatus is a ring laser oscillating at the 1.15 W tran-
sition of neon.

The laser cavity comprises four mirrors arranged at the corners of a 55-cm
square. Three of these mirrors are flat. The fourth mirror is spherical-
concave with a 5-m radius of curvature, and is diametrically opposite the beam-
sampling mirror.

The recombination system comprises two reflecting mirrors and an optical
separator. It leads the emergent beams corresponding to the two directions of
travel in coincidence onto the cathode of a photomultiplier, having an S1 coat-
ing. The output signal is directed to a low-frequency spectrum analyzer.

The active medium is a helium-neon mixture at an average pressure of a few
torr, contained in one or more tubes closed by windows at Brewster's angle and
energized by an electric discharge of length 30 cm. We are able to induce a
laminar flow of gas in one of the laser tubes and the velocity of the gaseous
flow is determined by direct measurement of the upstream-downstream pressure
difference. Excitation of the whole unit is such that the laser generally os-
cillates in two normal modes separated by a little less than 150 MHz.

When the circulation in the laser tube has been stopped, we can introduce a
difference in the optical lengths of the cavity in the direction of travel by
*Numbers given in margin indicate pagination in original foreign text.
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inserting a supplementary tube in which gas or air at atmospheric pressure flows.
This difference of optical lengths is expressed by a separation between the os-
cillation frequencies. This is the Fizeau experiment: the drag of electromag-
netic waves by a substance in motion (ref. 2). We can superpose the asymmetry
due to the flow of the inert gas on the asymmetry introduced by the movement of
the column of active gas.

III. Results

A first series of experiments was conducted with multilayer dielectric mir-
rors having a maximum coefficient of reflection. The laser oscillation was
maintained solely by the circulation tube. We established curves showing the
beat frequency F as a function of the difference of pressure at the ends of the
tube (fig. 1). On the scale of pressure differences, we applied rates of maxi-
mum drag v calculated with the assumption of a regime of laminar flow. The
velocity distribution in the straight section is parabolic, but the oscillation
relates to the central part of the tube, where the velocity is substantially
constant.

The curves show that F is approximately proportional to v. At constant
velocity v, the beat frequency F is very semsitive to cavity losses, either ac-
cidental losses such as are due to dust deposited on the windows or mirrors, or
losses systematically introduced by a diaphragm or special mount. Frequency F
depends rather little upon the tube discharge current in the indicated zone of
operation.

With the aid of the Fizeau-effect light-drag apparatus, we observed that
the direction of shift of beat frequency by the motion of the active medium is
that which would be observed with a dense, nondispersive medium. There is a
wave drag.

In a second series of experiments the mirrors have a lower coefficient of /3
reflection. The cavity contains one or two laser tubes without gas drag or the
circulation tube. For given drag rates, we established curves of frequency F as
a function of the discharge current of the circulation tube (fig. 2). The dis-
charge current modifies the tube gain or absorption.

When the medium in circulation is an amplifier there is wave drag. When
this medium is absorbent, there is a delay of the wave. When the medium in cir-
culation is neutral, and particularly when the electric discharge is interrupted,
the normal Fizeau drag should yield a frequency F much lower than the frequencies
indicated in figures 1 and 2.

IV. Conclusions

The interpretation that we will publish at a later date shows the prepon-
derant role of the attraction of the beat frequency toward the center of the
line. 1In the first series of experiments, along the direction of travel the
nearly symmetrical profiles of the line of amplification are shifted in
frequency. In the second series the profiles of the line are asymmetrical and
the asymmetry depends upon the direction of travel.
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The phenomena of attraction and repulsion of frequency in the linear gas
laser have been studied, especially by the variation of the beat frequency be-
tween two adjacent normal modes as a function of the parameters of the oscilla-
tor (ref. 3). The described experimental technique allows another approach to
these phenomena in addition to the indicated practical application.
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